Few studies have investigated the effects of fruit and vegetables on the risk of both cancer and cardiovascular disease (CVD). The authors examined associations between fruit and vegetable consumption and risk of total cancer and CVD in the same Japanese population. During 1995-1998, a validated food frequency questionnaire was administered in nine areas to 77,891 men and women aged 45-74 years. During as many as 459,320 personyears of follow-up until the end of 2002, 3,230 cancer cases and 1,386 CVD cases were identified. Higher consumption of fruit, but not vegetables, was associated with significantly lower risk of CVD: multivariate hazard ratios for the highest versus lowest quartiles of intake were 0.81 (95% confidence interval (CI): 0.67, 0.97; trend p ¼ 0.01) for fruit and 0.97 (95% CI: 0.82, 1.15; trend p ¼ 0.66) for vegetables. Consumption of fruit or vegetables was not associated with decreased risk of total cancer: corresponding hazard ratios were 1.02 (95% CI: 0.90, 1.14; trend p ¼ 0.95) for fruit and 0.94 (95% CI: 0.84, 1.05; trend p ¼ 0.16) for vegetables. This prospective cohort study demonstrated that, in the Japanese population, consumption of fruit is associated with lower risk of CVD, whereas fruit or vegetables may not be associated with lower risk of total cancer. cardiovascular diseases; fruit; Japan; neoplasms; prospective studies; vegetables Abbreviations: CI, confidence interval; CVD, cardiovascular disease; FFQ, food frequency questionnaire; HR, hazard ratio.
populations (United States (21, 24, 25) , United Kingdom (22) , Sweden (23) , and Finland (26) ), and we know of no data reported for Asian populations. Asian populations tend to differ from Western populations with respect to the distributions of exposure (consumption of higher vegetable and lower fruit amounts), outcome (higher incidence of infection-related cancers and stroke and lower incidence of hormone-related cancers and coronary heart disease), and covariates (higher prevalence of smoking and lower prevalence of obesity and low fat intake). Therefore, similar studies in Asian populations are important to better characterize the overall impact of fruit and vegetable consumption on the global burden of cancer and CVD.
In this study, we used a validated comprehensive food frequency questionnaire (FFQ) to examine associations between fruit and/or vegetable consumption and risk of cancer and CVD in a population-based prospective cohort study in Japan. Both total cancer and CVD incidence were the endpoints.
MATERIALS AND METHODS

Study population
The Japan Public Health Center-based Prospective Study was conducted on two cohorts, one initiated in 1990 (cohort I) and the other in 1993 (cohort II). The study design has been described in detail previously (27) . The study protocol was approved by the institutional review board of the National Cancer Center, Tokyo, Japan.
The study population was defined as all registered Japanese inhabitants in 11 public health center areas, aged 40-59 years in cohort I and 40-69 years in cohort II. The Japanese inhabitants were identified by the population registries maintained by the local municipalities. Two public health center areas (Tokyo and Osaka) were excluded from the present analysis because either cancer or CVD incidence data were not available.
Surveys of the cohort participants by self-administered questionnaire were conducted twice, the first in 1990 (cohort I) and 1993 (cohort II) and the second in 1995 (cohort I) and 1998 (cohort II). Since the second survey questionnaire included more comprehensive information on food intake frequency than the first, the second survey was used as the starting point to assess dietary exposure in the present study. The questionnaire also included other items on medical history and lifestyle factors, such as smoking and alcohol drinking.
The remaining 114,865 subjects at the starting point were eligible as the study population after we excluded the 1,807 persons who had died, moved out of a study area, or were lost to follow-up before the starting point. A total of 91,103 subjects (42,708 men, 48,395 women) responded, yielding a response rate of 79.3 percent, and were included in the present study.
Food frequency questionnaire
The FFQ included 138 food and beverage items with standard portions/units and nine frequency categories. The FFQ asked about usual consumption of 16 fruits and 30 vegetables during the previous year. The fruit items included three citrus fruits (mandarin oranges, other oranges, and 100 percent orange juice) and 13 other fruits (papaya, apples, persimmons, strawberries, grapes, melons, watermelon, peaches, pears, kiwi fruit, pineapple, bananas, and 100 percent apple juice). The vegetable items included six pickled vegetables (Chinese radishes, green leafy vegetables, plums, Chinese cabbage, cucumbers, and eggplant), seven cruciferous vegetables (cabbage, Chinese radishes, komatsuna, broccoli, Chinese cabbage, leaf mustard, and chard or Swiss chard), six green leafy vegetables (spinach, Chinese chives, garland chrysanthemums, chingensai, mugwort, and green pepper), four yellow vegetables (carrots, tomatoes, pumpkins, and tomato juice), and seven other vegetables (onions, cucumbers, bean sprouts, snap beans, lettuce, bitter gourds, and loofah).
The questionnaire contained nine frequency categories for fruits and vegetables other than 100 percent orange juice, 100 percent apple juice, and tomato juice, ranging from ''almost never'' to ''7 or more times per day.'' Standard portion sizes were specified for each food item, and there were three choices of amounts: small (50 percent smaller), medium (same as the standard), and large (50 percent larger). Nine frequency choices for juice ranged from ''almost never'' to ''10 or more glasses per day.'' The amounts of fruit (grams/day) and vegetables (grams/day) consumed were calculated from the responses. We documented the validity of the FFQ for assessment of fruit and vegetable consumption (28, 29) : the Spearman's correlation coefficients between energy-adjusted consumption based on the FFQ and those based on 28-day (or 14-day for the Ishikawa public health center area) dietary records among subsamples of men and women were 0.57 and 0.34 for fruit and 0.38 and 0.44 for vegetables, respectively. The correlation coefficients for the reproducibility of the FFQ administered 1 year apart for men and women were 0.57 and 0.53 for fruit and 0.59 and 0.59 for vegetables, respectively (29, 30) .
Follow-up
Subjects in cohort I were followed from 1995, and subjects in cohort II were followed from 1998, until December 31, 2002 . Changes in residence status including survival were obtained annually from the residential registry in each area or, for those who had moved out of the study area, through the municipal office in the area to which they had moved. Mortality data for persons in the residential registry are forwarded to the Ministry of Health, Labour and Welfare and are coded for inclusion in the national Vital Statistics. Residency registration and death registration are required by the Basic Residential Register Law and Family Registry Law, respectively, and are thought to be complete. During the follow-up period in the present study, 3,782 subjects (4.2 percent) died, 2,056 (2.3 percent) moved out of the study area, and 14 persons (0.02 percent) were lost to follow-up.
The occurrence of cancer was identified by active patients' notification from major local hospitals in the study area and from data linkage with population-based cancer registries, with permission from each of the local governments responsible for the cancer registries. Cases of cancer were coded according to the International Classification of Diseases for Oncology, Third Edition (31). In our cancer registry system, the proportion of cases for whom information was available from death certificates only was 4.5 percent. Diagnoses of myocardial infarction according to the criteria of the MONICA project (32) and diagnoses of stroke by computer tomographic scan and/or magnetic resonance imaging according to the criteria of the National Survey of Stroke (33) were confirmed, for all the cases, in the medical records reviewed by hospital or public health center physicians in each registered major local hospital in each public health center area (34, 35) . CVD cases with a death certificate or self-report only, without confirmation by medical records, were excluded. CVD was defined as myocardial infarction or stroke, whichever occurred first. We confirmed 5,521 cases of newly diagnosed cancers and 2,426 cases of CVD among the 91,103 subjects by December 31, 2002 .
Statistical analysis
Of the 91,103 respondents, we excluded subjects who did not complete the diet part of the questionnaire (n ¼ 1,702) and those with a past history of cancer or coronary heart disease and/or stroke (n ¼ 8,127). Subjects with a past history were defined as those diagnosed with cancer or CVD before the starting point or from self-reports in the questionnaire. Of the 81,989 subjects, 4,098 who reported extreme total energy intake (lower and upper 2.5 percentiles, 883 and 3,981 kcal/day, respectively) were excluded. Thus, 77,891 subjects (35, Person-years of follow-up were calculated for each subject from the starting point to the date of diagnosis, date of emigration from the study area, date of death, or end of the follow-up period (December 31, 2002), whichever occurred first. Subjects lost to follow-up were censored at the last confirmed date of their presence in the study area. A total of 456,084 person-years for the cancer analysis and 459,320 person-years for the CVD analysis were accrued.
Hazard ratios and 95 percent confidence intervals were calculated for the categories of energy-adjusted fruit and vegetable consumption in quartiles for men and women combined, with the lowest consumption category as the reference, by using Cox proportional hazards models and adjusting for potential confounding variables according to the SAS PHREG procedure (SAS Institute, Inc., Cary, North Carolina). A residual model was used for energy adjustment of fruit and vegetable consumption (36) .
We conducted the initial analyses by adjusting for gender, age at the starting point (5-year groups), and study area (nine public health center areas). In the multivariate model, we further adjusted for smoking status (never, past, and current), alcohol consumption (none, occasional, 1-149, 150-299, 300-449, and 450 g of ethanol/week), body mass index in kg/m 2 (<19, 19-22.9, 23-26.9, and 27), physical activity in metabolic equivalent task-hours/day (<30, 30-34.9, 35-39.9, and 40), quartile of total energy intake, current medication status (hypertension, hyperlipidemia, diabetes mellitus), daily vitamin supplement use, and screening examination (blood pressure, chest radiograph, gastric photofluorography, gastrointestinal endoscopy, fecal occult blood test, barium enema, colonoscopy for men and women, mammography, Papanicolaou smear for women). Information on these covariates was obtained by self-administered questionnaire. Subjects for whom values for any of the potential confounders were missing were excluded from the multivariate analysis (7,230 were excluded, and 70,661 remained in the analyses). We also assessed linear associations by using the median values of fruit and/or vegetable intake for each quartile.
In addition, we performed subgroup analyses according to gender and smoking status (''never'' as nonsmoker and ''past'' and ''current smoker'' as ever smoker), age (<60 or 60 years), cohort (I or II), body mass index (<19 or 19-26.9 or 27 kg/m 2 ), and alcohol intake (<150 or 150 g ethanol/week). In this paper, all p values are two sided, and statistical significance was determined at the p < 0.05 level.
RESULTS
Total fruit and vegetable intake by the subjects ranged from a median value of 186 g/day in the lowest quartile to 733 g/day in the highest quartile. Subjects whose fruit and vegetable consumption was higher were slightly older. Table 1 shows gender-specific and age-adjusted values comparing the characteristics of the subjects according to quartiles of total fruit and vegetable consumption. Both men and women whose fruit and vegetable consumption was higher were less likely to be ever smokers or heavy drinkers, and they were more likely to use vitamin supplements and have undergone various screening examinations. Levels of physical activity or prevalence of overweight did not differ with higher fruit and vegetable intake.
A significant inverse association was found between fruit consumption and risk of CVD, but not between vegetable intake and risk of CVD (table 2) . Total fruit and vegetable intake was not significantly associated with CVD risk. The only specific fruit or vegetable item significantly inversely associated with CVD risk was citrus fruits. No significant association was found between risk of total cancer and fruit or vegetable intake, whether combined or separated. No specific fruit or vegetable was significantly associated with risk of total cancer.
A stratified analysis according to gender showed a significant inverse trend between fruit consumption and risk of CVD among women only (table 3) . No associations were found between fruit or vegetable consumption and cancer for either gender. A stratified analysis according to smoking status showed no association between fruit or vegetable intake and CVD risk among ever smokers, but a significant inverse association was found between fruit consumption (not for vegetables) and CVD risk among nonsmokers. These findings remained unchanged when the stratified analyses were limited to men: multivariate hazard ratios for the highest quartile of fruit intake versus the lowest were 0.87 (95 percent confidence interval (CI): 0.64, 1.19) for male ever smokers (trend p ¼ 0.39) and 0.74 (95 percent CI: 0.45, 1.20) for male never smokers (trend p ¼ 0.13). No association was found between fruit or vegetable consumption and cancer risk for ever smokers or nonsmokers. Stratified analyses by cohort (cohort I or II), body mass index (<19 or 19-26.9 or 27 kg/m 2 ), age (<60 or 60 years), and alcohol intake (<150 or 150 g ethanol/week) showed similar results-that higher fruit consumption was associated with lower risk of CVD but that neither fruit nor vegetable consumption was associated with cancer risk (data not shown).
To sort out the influences of gender and smoking on the association between fruit intake and CVD, we assessed the age-adjusted incidence of CVD according to quartiles of fruit consumption by gender and smoking status (figure 1). For both men and women, CVD incidence was lower in nonsmokers than ever smokers, and the inverse association between fruit intake and risk was more remarkable among nonsmokers than ever smokers. In contrast, for both ever smokers and nonsmokers, CVD incidence was basically comparable between men and women, and the doseresponse association between fruit intake and risk was comparable between men and women. The results therefore suggest that the apparent gender differences in the association between fruit intake and CVD are attributable in large part to the differences in the association by smoking status and the higher prevalence of ever smokers among men (65.3 percent) than among women (6.3 percent).
Because the distribution of fruit and vegetable consumption differed by gender, we performed a separate analysis according to gender-specific quartiles of fruit and vegetable consumption. The results were similar to those obtained with gender-combined quartiles. Specifically, CVD risk for women was significantly inversely associated with total fruit and vegetable consumption (multivariate hazard ratio (HR) of highest quartiles versus the lowest ¼ 0.73, 95 percent CI: 0.56, 0.95; trend p ¼ 0.02) and with fruit The results were not materially different in the analyses that excluded the subjects who reported medication use for hypertension, hyperlipidemia, or diabetes mellitus or that excluded cases of cancer or CVD diagnosed during the first 2 years of follow-up (data not shown). The results did not differ materially in the analyses using a continuous variable for number of cigarettes smoked per day to reduce the potential for residual confounding by smoking. In addition, these results did not change substantially in the analyses in which deciles of fruit or vegetable consumption were used: the multivariate hazard ratios for the highest versus the lowest decile of consumption were 0. 
DISCUSSION
This population-based prospective cohort study in Japan revealed a significant inverse association between fruit consumption and risk of CVD, but no significant association between fruit or vegetable consumption and risk of total cancer. The inverse association between fruit and CVD was more apparent among women and nonsmokers than among men and smokers. To our knowledge, this is the first prospective cohort study to examine associations between fruit and vegetable consumption and risk of cancer and CVD simultaneously in an Asian population. Table continues 64 Takachi et al. * HR, hazard ratio; CI, confidence interval. y Adjusted for sex, age (5-year groups), and public health center area. z Linear trends across quartiles of fruit or vegetable intake were tested by using the median consumption for each quartile as an ordinal variable.
§ Further adjusted for body mass index in kg/m 2 (<19, 19-22.9, 23-26.9, and 27), physical activity in metabolic equivalent task-hours/day (<30, 30-34.9, 35-39.9, and 40), smoking status (never, past, and current), alcohol consumption (none, occasional, 1-149, 150-299, 300-449, and 450 g ethanol/week), quartile of energy intake, screening examination (blood pressure, chest radiograph, gastric photofluorography, gastrointestinal endoscopy, fecal occult blood test, barium enema, colonoscopy, mammography, Papanicolaou smear), medication (hypertension, hyperlipidemia, diabetes mellitus), and daily vitamin supplement use.
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Previous studies that examined associations between fruit and vegetable consumption and risk of total cancer and CVD simultaneously in Western populations found inverse associations that were more consistent for CVD than for total cancer (21) (22) (23) (24) (25) (26) : five studies found significant protective associations between consumption of fruit (21-23), vegetables (22) , or fruit and vegetables combined (21, 25, 26) and risk of CVD, but only three studies showed significant inverse associations between consumption of vegetables (22) or fruit and vegetables combined (24, 26) and risk of total cancer. However, all of those studies except one (21) had methodological limitations. Five studies included fewer than 10,000 subjects, resulting in a small number of cases (22) (23) (24) (25) (26) ; three studies used a FFQ that contained fewer than four items for fruit and vegetables (22, 23, 25) ; and three studies used mortality endpoints alone (24) (25) (26) . The two studies that found inverse associations for both cancer and CVD used a small number of subjects (n ¼ 3,389) (22) or mortality endpoints (26) . The only study with none of these limitations yielded findings consistent with our Table continues 66 Takachi et al.
own-that consumption of fruit and vegetables was inversely associated with the risk of CVD but not with the risk of total cancer (21) .
In this study, the variations among subjects regarding fruit and vegetable consumption were sufficiently large; median intake in the highest quartile group (733 g) was fourfold that y Adjusted for sex (for analyses stratified by smoking), age (5-year groups), public health center area, body mass index in kg/m 2 (<19, 19-22.9, 23-26.9, and 27), physical activity in metabolic equivalent task-hours/day (<30, 30-34.9, 35-39.9, and 40), smoking status (never, past, and current, for analyses stratified by sex), alcohol consumption (none, occasional, 1-149, 150-299, 300-449, and 450 g ethanol/week), quartile of energy intake, screening examination (blood pressure, chest radiograph, gastric photofluorography, gastrointestinal endoscopy, fecal occult blood test, barium enema, colonoscopy, mammography, Papanicolaou smear), medication (hypertension, hyperlipidemia, diabetes mellitus), and daily vitamin supplement use.
z Linear trends across quartiles of fruit or vegetable intake were tested by using the median consumption for each quartile as an ordinal variable.
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Fruit and Vegetables and Risk of Cancer and CVD 67 in the lowest quartile group (186 g) (table 1) and greater than in a study based on the 4-day dietary records that found inverse associations between fruit and vegetable intake and cancer as well as CVD (a threefold difference between the highest and lowest quintiles) (26) . The use of a general population and a FFQ with a large number of fruit and vegetable items (n ¼ 46) contributed to the large variations. This strength would also argue against the possibility that the observed absence of any association with cancer incidence is attributable to insufficient variation in fruit and vegetable consumption. The subgroup analyses showed clearer inverse associations between fruit intake and CVD risk among women and nonsmokers than among men and smokers. Oxidative stress caused by smoking may increase consumption of the body's store of antioxidants and dietary requirements for the nutrients. The increased requirement for antioxidants among smokers may offset the protective effect of fruit and vegetables against CVD (37) (38) (39) (40) (41) . The differences in results according to gender would in part reflect the difference in prevalence of ever smokers between men and women.
Our study has several potential limitations. First, the validity of the FFQ for fruit and vegetable intake was moderate at best (r ¼ 0.34-0.57). Although it is not certain whether measurement error in the FFQ resulted in biased associations toward or away from the null, it would be reasonable to assume that this bias operates in the same directions for CVD and cancer. Under this assumption, if, for instance, measurement error in the FFQ resulted in biased association between fruit and CVD toward the null, then the observed associations would have underestimated the true magnitude of the protective association between fruit and CVD as well as cancer. Alternatively, if measurement error in the FFQ resulted in biased associations between fruit and CVD away from the null, then the observed associations would have overestimated the no or small protective association between fruit and CVD while underestimating the riskincreasing association between fruit and cancer. The former scenario would be more plausible than the latter.
Second, stroke accounted for most (84 percent) of the CVD, thereby limiting comparability of the findings in this study and previous studies in Western populations, in which coronary heart disease accounted for the majority of CVD. This may also account in part for the observed inverse association with fruit intake and absence of association with vegetable intake, since a meta-analysis of cohort studies on fruit, vegetables, and stroke showed a clearer inverse association for fruit than for vegetables (42) . Third, although we measured and adjusted for possible confounding variables as much as possible, effects of confounding by unmeasured variables cannot be totally discarded.
In conclusion, the results of this population-based prospective cohort study in Japan suggest a protective association between fruit consumption and risk of CVD and no association between fruit or vegetable consumption and risk of total cancer.
